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Evaluation of oxidative stress in diabetic patients 
after supplementation with a standardised 
red orange extract 

F.P. Bonina*, C. Leotta**, G. Scalia**, C. Puglia*, D. Trombetta***, 

G. Tringali****, A.M. Roccazzello****, P. Rapisarda***** and A. Saija****** 


ABSTRACT. Diabetes mellitus is associated with a high oxidative stress level, resulting from an im¬ 
balance between free radicals or reactive oxygen species production and the antioxidant systems. In¬ 
hibition of these oxidative processes by co-adjuvant therapy could therefore prevent, or at least de¬ 
lay, the onset and/or the development of long-term diabetic complications. Dietary supplementation 
with plant biophenols may be a successful strategy to decrease this risk of pathological complications. 
The Red Orange Complex (ROC) is a standardized red orange extract containing, as its main active 
principles, phenolic compounds (anthocyanins, flavanones and hydroxycinnamic acids) as well as 
ascorbic acid. The aim of the present preliminary study was to evaluate the effects of short-term (2 
mo) dietary supplementation with ROC (50 mg/d, orally) on some serum non-invasive biomarkers of 
oxidative stress (total antioxidant status, or TAS, levels of thiol groups and levels of free radicals) in 
a group of 33 patients with Type 2 diabetes, in comparison with a group of 28 healthy volunteers. The 
results obtained demonstrate that in diabetic patients supplementation with ROC can improve blood 
levels of thiol groups on proteins (an indirect measurement of glutathione activity in serum),* fur¬ 
thermore, it can elicit a marked decrease in serum free radical levels, in patients with high blood ox¬ 
idative stress status. However, ROC supplementation appeared unable to modify serum TAS. Final¬ 
ly, the glycemic profile remained stable during the study period in all subjects, and no unpleasant side 
effects were reported. In conclusion, the treatment of diabetic patients with ROC might be of thera¬ 
peutic benefit in order to protect against diabetes complications that are partially due to uncontrolled 
lipid oxidation. 
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INTRODUCTION 

Diabetic patients develop several long-term com¬ 
plications which lead to increased morbidity and ear¬ 
ly mortality (1). Indeed, diabetes mellitus is associ¬ 
ated with a high oxidative stress level, resulting from 
an imbalance between free radical or reactive oxy¬ 
gen species (ROS) production and the antioxidant 
systems (2-4). Several mechanisms seem to be in¬ 
volved in the genesis of this oxidative stress, that is 
implicated in the origin of both Type 1 and Type 2 
diabetes mellitus (T1DM and T2DM, respectively): 
glucose auto-oxidation, protein glycation and for¬ 
mation of advanced glycation endproducts, and the 
polyol pathway (5, 6). Furthermore, the overpro¬ 
duction of free radicals and ROS leads to severe 
damage of tissue and cell macromolecules thus con¬ 
tributing to diabetes mellitus pathological sequelae. 
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Inhibition of these oxidative processes by co-adju¬ 
vant therapy couid therefore prevent, or at least de¬ 
lay, the initiation and/or the development of chron¬ 
ic diabetic complications. In order to evaluate the 
effectiveness of such complementary treatments, 
several studies are currently being carried out to 
monitor non-invasive biomarkers of oxidative stress 
in diabetic patients (6). 

Plant-derived biophenois, such as flavonoids and 
hydroxycinnamic acids, have been shown to pos¬ 
sess several biological properties, many of which 
may be related, at least partially, to their free-radi¬ 
cal-scavenging, metal-chelating and enzyme-in¬ 
hibiting ability (7, 8), 

In particular, the flavonoid cyanidin is a potent scav¬ 
enger of free radicals and ROS, including nitric ox¬ 
ide radical (9), while cyanidin-3-glucoside was 
shown to have marked antioxidant activity in a Iinole- 
ic acid auto-oxidation system (10) and to possess, 
in comparison with other anthocyanins, the highest 
oxygen radical absorbance capacity. 

Today much evidence shows that dietary supple¬ 
mentation with plant biophenols may be a success¬ 
ful strategy to decrease the risk of pathological con¬ 
ditions related to free radical overproduction and/or 
to prevent their complications. 

The Red Orange Complex (ROC) is a standardized 
red orange extract, obtained from 3 red orange vari¬ 
eties ( Citrus sinensis var. Moro, Tarocco and San- 
guinello) and recently proposed as a new antioxidant 
food supplement. ROC contains, as its main active 
principles, phenolic compounds (anthocyanins, fla- 
vanones and hydroxycinnamic acids) and ascorbic 
acid, the antioxidant activity of which are well recog¬ 
nized (8, 11-13); this antioxidant pool acts as a fruit 
protective system against extreme climatic fluctua¬ 
tions that occur in Sicily’s Etna area, where the pig¬ 
mented orange cultivars grow almost exclusively. A 
previous study showed that ROC possesses strong in 
vitro free-radical-scavenging/antioxidant activity and 
in vivo photoprotective effectiveness against ultra vi¬ 
olet B radiations (UVB)-induced skin erythema (14). 
In a recent work ROC was demonstrated to be able to 
protect in vitro human skin-derived cells [NCTC 2544 
keratinocytes and human fetal skin fibroblasts (HFFF2) 
fibroblasts] against iron-induced lipid peroxidation 
(15). Furthermore, ROC is capable of increasing serum 
thiol groups in healthy smoker volunteers (16), when 
administered orally for 7 days. 

The aim of the present preliminary study was to 
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evaluate the effects of short-term dietary supple¬ 
mentation with ROC on some non-invasive bio¬ 
markers of oxidative stress in a group of 33 patients 
with T2DM, | 

MATERIALS AND METHODS 

Patients | 

Metabolically-stable patients were selected from the ■ 

Department of Senescence, Urological and Neuro¬ 
logical Sciences, University of Catania, Italy. j 

The study was performed in 33 T2DM patients (19 | 

males and 14 females), age 63 8±10.1 yr, diabetes 
duration 25.4±17,6 yr (Table I), showing, at study , 
entry, blood glycated hemoglobin levels higher than j 
8 % (normal range in non-diabetic subjects: 4.5- 
6.5%). All diabetic patients were familiar with home 
blood glucose monitoring and, during the entire I 
study, they monitored their glucose concentrations 1 

(4 times a day) using Glucotrend SPV050 (Roche 
Diagnostics GmbH Mannheim, Germany). The last j 

80 measurements were used to calculate the mean I 
glycemia; the SD of these values was defined as the 
fluctuation of the glycemia. No patients w ere tak- . 
ing any medication other than insulin; their standard j 
diet (1400+1600 kcal/d) was not modified during 
the course of the study. 

A sex- and age-matched control group of healthy in- i 
dividuals (n=28, 16 males and 14 females, age i 
60.2±13.8 yr) recruited from I.R.M.A. (Istituto Ricer- 
ca Medica ed Ambientale, Acireale, CT, Italy) was j 
used as controls (Table 1) and underwent the same 
experimental schedule. No subjects were on any 
medication and they were requested not to modify 
their dietary habits during the course of the study. j 


Table 1 - Baseline characteristics of diabetic and healthy vol¬ 
unteers enrolled in the trial. Data are expressed as mean±SD. 



Subjects 

Diabetics 

Controls 

n 

33 

28 

Sex (M/F) 

19/14 

16/12 

Age (yr) 

63.8±10.1 

60.2±13.8 

Body mass index (kg/m 2 ) 

23.5±3.0 

24.2±3.1 

Duration of diabetes (yr) 

25.4±17.6 

- 
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The study was conducted in accordance with the 
Declaration of Helsinki. Witnessed informed con¬ 
sent was obtained from each patient prior to partic¬ 
ipation in the study. Anyone unable to give fully in¬ 
formed consent was excluded. Other exclusion cri¬ 
teria were: obesity, use of antioxidant dietary sup¬ 
plementation and severe complications (microalbu¬ 
minuria >200 mg/min), proliferative retinopathy and 
history of cardiovascular disease. 

Study design 

The ROC was a gift from Bionap (Rome, Italy). It 
was obtained by a patented process from oranges of 
3 pigmented Citrus sinensis varieties (Moro, Taroc- 
co, Sanguinello) and was composed of 3.1% antho- 
cyanins (cyanidin-3-glucoside), 2.07% hydroxy- 
cinnamic acids (caffe [C, cumaric, ferulic and sinapic 
acids), 8.1% flavanone glycosides (narirutin and hes- 
peredin) and 7% ascorbic acid. 

The supplementation consisted of 50 mg ROC per 
capsule in micronized form. All subjects were rec¬ 
ommended to take I capsule twice a day (breakfast- 
and bed-time). Compliance was checked by count¬ 
ing the remaining capsules. 

During the first visit, baseline measurements were 
made, thereafter the treatment was started. The pa¬ 
tients were reassessed after 2 months. 

Analytical methods 

At the beginning of the study and after 2 months, 
blood samples were taken from the antecubital vein 
of the fasting patients. Blood biochemistry param¬ 
eters were measured by routine laboratory kits. The 
serum total antioxidant status (TAS) and the serum 
levels of both thiol groups and free radicals were 
measured according to the methods described by 
Rice-Evans and Miller (17), Ellman (18) and Ce- 
sarone et al (19) respectively, by means of com¬ 
mercial kits purchased from Randox Laboratories 
Ltd (Crumlin, U.K,) for TAS, and from Diacron 
(Grosseto, Italy) for total thiol groups (thiolic group 
test-SHp test) and free radicals (D-Roms test). 
Briefly, the technique used to determine the TAS 
measures the relative ability of antioxidant sub¬ 
stances to scavenge the 2,2’-azinobis(3-ethylben- 
zothiazoline-6-sulfonate) radical cation (ABTS‘ + ), 
generated in the aqueous phase from 2,2’-azinobis 
(3-ethyibenzothiazoline-6-sulfonate) ABTS through 
the peroxidative action of metmyoglobin; the rad¬ 
ical cation ABTS‘ + is a blue/green chromogen with 
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a characteristic absorption at 734 nm. The thiol 
group determination system employs the 5,5’-dithio- 
bis-2-nitrobenzoic acid, which reacts specifically 
with thiol groups to give a highly-coloured yellow 
anion measured at 405 nm. 

The free radical determination system is based on 
the ability of transition metals to catalyze in the 
presence of peroxides with formation of radicals 
which are trapped by an alchilamine; the alchil- 
amine reacts forming a colored radical detectable 
at 505 nm; the results are expressed as Carratelli 
units (U. Carr). 

Statistical analysis 

Data are expressed as mean+SD and analyzed us¬ 
ing the Student's t test for paired or unpaired data. 
Statistical difference was assumed when p<0.05. 

RESULTS AND DISCUSSION 

Numerous clinical studies have recently been car¬ 
ried out to verify the efficacy of various dietary 
supplementations to protect against hyperglycemia- 
associated oxidative stress. For example, supple¬ 
mentation of diabetic subjects with 3-carotene, 
ascorbate and a-tocopherol proved to significant¬ 
ly decrease LDL oxidation susceptibility (20): fur¬ 
thermore, the consumption of tomato juice (w hich 
increases plasma levels of lycopene) and the sup¬ 
plementation with high doses of vitamin E increase 
the intrinsic resistance of LDL to oxidation and de¬ 
crease plasma levels of C-reactive protein in pa¬ 
tients with T2DM (21). However, Astley et al (22) 
observed no protective effect of vitamin E supple¬ 
mentation against DNA and plasma LDL oxidative 
damage in patients with T1DM. Liu et al (23) 
showed that long-term 3-carotene supplementation 
seems to have no effect on the risk of subsequent 
T2DM. 

Encouraging results were obtained when diabetic 
patients underwent dietary supplementation with 
tlavonoids. In fact, Manuel y Keenoy et al (24) have 
demonstrated that, in T1DM patients, short-term di¬ 
etary supplementation with the flavonoids hesperidin 
and diosmin can ameliorate the oxidant/antioxidant 
balance and decrease hemoglobin glycosylation 
(whose degree is an index of hyperglycemia-relat¬ 
ed oxidative stress). 

In agreement with these findings, several flavonoids 
proved to inhibit in vitro hemoglobin glycosylation 
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Table 2 - Parameters of oxidative stress/antioxidant capacity in the diabetic patients and healthy subjects enrolled in the trial. The 
values were calculated at inclusion and after 2-month supplementation with Red Orange Complex (ROC), Data are expressed os 
mean±$D- 


Subjects (n) 

D-Rom (U.Carr.) 

Thiol groups (pmol/l) 

TAS (mM Trolox) 


Inclusion 

2 months 

Inclusion 

2 months 

Inclusion 

2 months 

Controls 

No stress (18) 
Borderline (10) 

251±26 
346+19 

255±23 

325±23 

489±71 

473±54 

497±82 

454±78 

1.015±0.148 
0.943±0.148 

1.044±0.176 

1 006±0.153 

Diabetics 

No stress (15) 
Borderline (10) 
Stress (8) 

248±33 
322±15 
424±26 

251±36 

307±56 

282±74** 

304±55* 

333±69* 

193±85 

390±67“ 

418+58“ 

315±75“ 

1.099±0.325 

1.088±0.270 

1.078±0.297 

1 -103±0.261 

1.086±0.1 78 
0.971 ±0.170 


*p<0.05 vs the respective control (unpaired comparison). ”p<0.05 vs the respective inclusion (paired comparison). D-Rom: cherivative of re¬ 
active oxygen metabolites; TA5: total antioxidant status. 


(25). Furthermore, dietary flavonols appeared to be 
able to protect diabetic human lymphocytes against 
oxidative damage to DNA (26). 

In the present study we evaluated, in a group of pa¬ 
tients with T2DM, the effects of a 2-month dietary 
supplementation with the ROC on some non-inva- 
sive biomarkers of oxidative stress. 

According to values calculated in the D-Rom test be¬ 
fore beginning the dietary supplementation, the vol¬ 
unteers enrolled in this study were divided into 3 sub¬ 
groups (Table 2): no oxidative stress (<300 U. Carr), 
border-line condition (300-400 U.Carr) and high ox¬ 
idative stress (>400 U.Carr). However, no subject with 
high oxidative stress was found in the control group. 
As to the values calculated in the TAS test, similar da¬ 
ta were obtained in diabetic patients and in healthy 
subjects before onset of the ROC treatment (Table 2). 
This is not a surprising Finding, given that the TAS as¬ 
say has not produced useful information in several 
pathological conditions, such as cystic fibrosis (27) 
and myocardial infarction (28), and appeared not to 
be influenced by age and smoking habits (29); indeed 
its results are significantly affected by various en¬ 
dogenous components (particularly plasma urate and 
total protein levels) and technical details (plasma di¬ 
lution, use of inhibition percentage at a fixed time with¬ 
out considering the length of inhibition time, etc ) (30). 
No modification in serum TAS was observed even fol¬ 
lowing a 2-month ROC administration, both in healthy 
subjects and in diabetic patients (Table 2). 
Conversely, serum protein thiol content was signif¬ 
icantly lower in diabetic patients than in controls; at 
the onset of the trial, the depauperation of serum thi¬ 
ol groups was more severe in the sub-group of dia¬ 


betic subjects with a high serum oxidative stress lev¬ 
el (Table 2). 

Following a 2 month ROC supplementation, serum 
thiol group levels appeared not to be modified in 
healthy subjects, but partially restored in diabetic 
patients; the degree of increase after ROC treatment 
was related to the initial level of serum thiol group 
depauperation (Table 2). 

In addition, ROC administration elicited a marked 
decrease in derivative of reactive oxygen metabo¬ 
lites (D-Rom) values toward those suggestive of a 
normal oxidative stress status, in the group of dia¬ 
betics with high oxidative stress levels (Table 2). 
The present findings clearly demonstrate that short¬ 
term dietary supplementation with ROC can improve 
blood levels of antioxidants such as thiol groups on 
proteins (an indirect measurement of glutathione ac¬ 
tivity in serum). This may be really relevant to delay 
the development of complications encountered in di¬ 
abetes; for example, it has been suggested that a de¬ 
creased glutathione peroxidase activity can contribute 
to the occurrence of microvascular damage in T1DM 
patients (31). Although we cannot understand the ex¬ 
act mechanism underlying this beneficial effect, one 
could speculate that ROC ingredients protect en¬ 
dogenous vitamin C and E from consumption by the 
oxidative process. In fact, maintenance of vitamin C 
and E levels would also protect thiol groups on pro¬ 
teins, such as the enzyme glutathione peroxidase, which 
are especially vulnerable to oxidative damage and in¬ 
activation by the formation of sulphur-seleno bridges 
(32). It has been said that phenolic phytochemicals 
present in complex mixtures have been suggested to 
act synergistically as antioxidants in a mechanism in 
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Table 3 - Parameters of glycemic control in diabetic patients at 
inclusion and after 2-month supplementation with Red Orange 
Complex (ROC). Data are expressed as mean±SD. 



Inclusion 

2 months 

Fasting glycemia 
(mg/dl) 

215±106 

198±94 

Mean daily 
glycemia (mg/dl) 

174±42 

165±39 

Fluctuation of daily 
glycemia (mg/dl) 

85±18 

87±22 


which the easily oxidized phenols are regenerated by 
less active phenols (33). More particularly, in orange 
juice phenolic antioxidants proved to protect vitamin 
C against oxidative decomposition (34). 

Furthermore, the glycemic profile (fasting glycemia, 
mean daily glycemia, fluctuation of daily glycemia) 
remained stable during the study period in all sub¬ 
jects, since no significant difference was observed 
between, before or after the ROC treatment (Table 
3). Consistently with these findings, other Authors 
report that flavonoids reduce the glycation process 
regardless of glycemic control (24). 

Finally, the ROC treatment was well tolerated by all 
subjects enrolled in the present trial, as no unpleas¬ 
ant side effects were reported. 

In conclusion, although preliminary, our results clear¬ 
ly demonstrate that in view of its antioxidant capac¬ 
ity the treatment of diabetic patients with ROC might 
be of therapeutic benefit to protect against diabetes 
complications partially due to Uncontrolled lipid Ox¬ 
idation. Interestingly, anthocyanins have previously 
been shown to have some positive therapeutic and 
protective effects in the treatment of diabetic retinopa¬ 
thy, as well as various microcirculation diseases (11). 
Furthermore, a long-term treatment with ROC should 
have the additional advantage of being either free of 
side effects and inexpensive. Further studies are in 
progress to clarify the exact modes of action (partic¬ 
ularly, a possible effect on glycation processes) un¬ 
derlying die observed beneficial action of dietary ROC 
supplementation in diabetic patients. 
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